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Abstract. Eleven strains of obligately purinolytic Clostridia 
have been studied with respect to their assignment to the 
ihree type strains of piostridium acidiurici C. cylin- 
drosporum, and C. purinolyticum. DNiyDNA-hyhridia, 
lion proved to be the method of choice for differentiation 
whereas phenotypic characteristics such as spore morphol- 
oey, substrate spectra, nutritional requirements, product 
formation, and sensitivity against various antibiotics did nor 
allow unequivocal identification. All strains depended on 
sclenitefor growth. 

Key words: Clostridium acidiurici - Clostridium 
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The first report on a strictly anaerobic, sporeforming 
purinolytic bacterium was already given at the beginning of 
this century by Lieberi (1909). He described BacUtus 
acidiurici, an organism thai fermented uric acid to acetate 
C0 2 , and NH S . His studies were continued by Barker and 
Beck (1941 1942) who isolated and characterized Clostri- 
dium acidiurici (highly probable Liebert's B acidiurici 
(Vogels and van dcr Drift 1976)] and C. cylindrosporum. 
These two organisms only used purines such as uric acid, 
xanthine, hypoxanthine, and guanine, Jmt not *te™**>J* 
growth substrates (Barker and Beck 1942; Beck 1948). Be- 
sides morphological differences such as spore form and 
spore location C. cylindrosporum could be separated by its 
production of glycine and formate besides acetaie (Barker 
and Beck 1941, 1942). For more than 30 years ihis was 
the last taxonomic study on obligately purme-fermcnung 
Clostridia. In 1977 Champion and Rabinowitz isolated 9 new 
strains of strictly anaerobic, purinolytic sporeformers and 
classified them as C. acidiurici and C. cylindrosporum, re- 
spectively, on the basis of formate formauon and chemical 
and immunochemical data on the two proteins fcrredoxin 
and formyltetrahydrofolate synthetase. These cniena did 
not yield clear-cut results in all cases since one of the strains, 
AAM-1. pr ved to be quite atypical. The ambiguity was 
resolved by the identification of a new species of obligately 
purinolytic Clostridia, C. purinolyiicum (Durre et al. 1981). 
This organism was able to ferment adenine and glycine 
in addition to the afore-mentioned purine derivatives and 
strictly depended on selenium compounds for growth. Strain 
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AAM-1 turned out to be a subspecies of C. purinolyticum 
(Durre et al. 1981). Since tests for utilization of adenine and 
glycine and dependence on selenium compounds are easy to 
perform, the identification of strains of this species seems to 
be no problem at all. In contrast, the differentiation between 
C. acidiurici and C. cylindrosporum has only been achieved 
by means of laborious and time-consuming methods such 
as DNA/DNA-hybridization (Durre ct al. 1981), determina- 
tion of trace element requirements for the enzyme formate 
dehydrogenase (Wagner and Andrccscn 1977), and im- 
munochemical investigations (Champion and Rabinowitz 

1977). k . _ 

This paper compares the physiological characteristics of 
all new strains of obligately purinolytic Clostridia, and gives 
the respective data of DNA/DNA-hybridization studies. On 
the basis of these results it is proposed to maintain C. 
cylindrosporum as a separate species, and a phylogenetic 
relationship of these organisms is suggested. 



Materials and methods 

Clostridium acidiurici 9a (DSM 604). C, cylindrosporum 
HOI (DSM 605), and C. purinolyticum WA-1 (DSM 1384) 
were obtained from the Deutsche Sammlung von 
Mikroorganismen, Gottingen. Federal Republic of 
Germany. Strains AAM-1, AAM-2, AC-1, AC-3, MBJ-2, 
MJ-2, MJ-6, NOA-1. and NOA-2 were kindly provided by 
J.C. Rabinowitz, University of California, Berkeley, USA. 
Sirain IMS was isolated by students from sludge of the 
sewage plant in Gottingen, FRG. PD-1 was from our labora- 
tory collection. C. sticktandii (DSM 519) was kindly pro- 
vided by A.C. Schwartz, University of Bonn, FRG. 
Composition and preparation of growth media have been 
published previously (Diirrc el al. 1981). Variations used 
are described in the experimental section. 

Analyses were carried out as follows: purine derivatives 
were determined spectrophotometries at wavelengths of 
their respective ultraviolet absorbance maxima or by the 
high-pressure liquid chromatographic method of Diirre and 
Andreesen (1982 a), acetate was measured by an enzymatic 
procedure (Dorn et al. 1978), formate by the colorimetric 
method of Lang and Lang (1972), and glycine as described 
by Sardesai and Provido (1970). Turbidity was determined 
at 600 nm in a Bausch and Lomb Spectronic 88 or a Zeiss 
PM 4 spectrophotometer, respectively. 

Preparation of cell-free extracts and the assay systems Tor 
formate dehydrogenase and xanthine dehydrogenase have 
been reported earlier (Durre and Andreesen 1983: Wagner 
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Tabic 1. Morphology and spore form of purinolyric Clostridia 



Strain 


Gram 
slain 


Average 
length (urn) 


Diameter 
(unt) 


Spore form 


Clostridium aciduria 9* 


H- 


3.9 


0.6 


oval 


C CyufUifO^poi **m 

C. pwinolyricum WA-1 • 


— /+ 


3.3 
6.2 


0.8 
1.4 


Cylindrical 
spherical 


AAM-1 

AAM'2 
AC-1 


+ 

i 


3.3 
2,6 
1.9 


0.6 
0.7 
0.6 


cylindrical 

oval co cylindrical 

oval 


AC-3 

IMS 

MSJ-2 

MJ-2 

MJ-6 

NOA-1 


-/(+) 
+ 

+ 


5.9 
2.9 
2.6 
3.9 
1.9 
2.6 


0.7 
0.6 
0.8 
0.8 
0.6 
0,8 


oval 
oval 

OVJll 

oval 

cylindrical 
oval 


NOA-2 


+ 


2.6 


0.7 


oval lo cylindrical 


PD-1 




4.3 


0.8 


cylindrical 


51 Daia were taken Tor comparison from Durrc ci al. (1981) 



Sp re location 



terminal, slight swelling 
of mother cell 
terminal to subtcrminal 
terminal, marked swelling 
of mother cell 
terminal to subtcrminal 
terminal 

terminal, slight swelling 
of mother cell 
terminal 
terminal 

terminal to subtcrminal 
terminal 

terminal to sublerminal 
terminal, slight swelling 
of mother cell 
terminal, to sublerminal. 
slight swelling or mother cell 
subtcrminal 



and Andreesen 1979). Protein determination of extracts was 
performed according io Beisenherz et al. (1953). Substrata 
utilization was tested as already described (Diirre et al. 
1981). 

Isolation of DNA and estimation ofG + C content (rnol 
percent guanine plus cytosine) by the thermal dcnaLuraLion 
method were performed by a slight modification of the pro- 
cedures of Marmur and Doty (1962) as described by Auling 
et al (1980). DNA/DNA-reassociation experiments were 
carried out according to De Ley et al. (1970) using a Gilford 
spectrophotometer 250 equipped with a thermoprogramraer 

2527. , Y . 

Dccoyinine was a gift from P. Fortnagel, Institute ol 
Microbiology, Hamburg, FRG. Antibiotics were from Bcc- 
ton Dickinson GmbH, Heidelberg, FRG. 8-Hydroxypurine 
was synthesized according to Isay (1906). All other chemicals 
used were of the highest purity commercially available. 



Results 

Morphology 

All strains grew in liquid medium as single rods. Sometimes 
chains of 2-4 cells could be observed. Average cell lengths 
and diameters are listed in Table 1 . Spores were hardly found 
in liquid cultures. Addition of decoyinine, an inhibitor of 
purine nucleotide synthesis that highly induces sporulation 
in bacilli (Mitani et al. 1977). at a concentration of 1.8 mM 
showed no increase of the sporulation rate of the Clostridia. 
Spore form was oval to cylindrical with terminal to sub- 
terminal location (Table 1). Swelling of mother cells could 
only be observed in a few cases. 

Wilh the exceptions of strain IMS and Clostridium 
cyihtdrosponun HC-1 that were Gram-negative or variable, 
all strains stained Gram-positive when young and actively 
growing cultures were analyzed. 



Optimization of growth conditions 

All strains were able to grow in a temperature range between 
19* C and 45" C. Higher temperatures proved to be inhibi- 
tory. The optimal values as determined by the growth rate 
are given in Table 2. The influence of the starting pH on 
growth rates was determined with uric acid and hypoxan- 
thine as a substrate, respectively (Tabic 2). The final pH was 
about 9 regardless of the strain used. Yeast extract ns u 
supplement was necessary for some strains. With the excep- 
tion of C. purinolyticutn WA-1 that needed about 0,01 % (w vi 
yeast extract for growth, all other cultures either required 
only 0.003% of complex nutrients or nothing at all (Table 2). 
In all eases the requirement for yeast extract could be 
supplemented for by the vitamins thiamine and bioiin. C. 
purinolyrinw WA-1, AAM-1, AC-3, MBJ-2, and NOA-2 
only needed 0.15 \iM thiamine while C cylindrosporum HC-1 
required 0.15 uM thiamine and 40 nM biotin (Table 2). 
With uric acid as the substrate a supplementation with 
100 mM potassium bicarbonate proved to be stimulating 
only for AAM-2, However, addition of bicarbonate was 
essential for growth on hypoxanthine at a starting pH of 12 
(Table 3). After increasing the pH to 8.0 AAM-1, MJ-6, and 
NOA-2 were able to grow without bicarbonate, while the 
concentration necessary for reaching the maximal turbidity 
proved to be 30 mM. Optimal concentration of KHCOj- 
supplcmentation were 60 mM for C. acidiurici 9 a, AAM-2* 
and. MBJ-2 and 100 mM for C. cylindrosporum HC-1, 
MJ-2, and NOA-1 . AC-3 could not grow with hypoxanthine 
at all. 

The use of various reducing agents such as thioglycolaie. 
sulfide, dithionite, or cysteine for medium preparation did 
not have an effect on growth of all strains wilh the only 
exception being cysteine. This substance decreased the 
maximal optical densiiy reached in stationary phase down 
to 15%. 
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Tabic 2. Optimal growth parameters for purinoly tic Clostridia 



Strain 



Temperature 



j C. cyimdrosporunt HC-1 
C.purinolytkumWA-\* 
'« AAM-I 
j AAM-2 
AC-1 
AC3 
MBJ-2 
MJ-2 
MJ-6 
NOA-1 
KOA-2 



40-45 
40-45 
36 
36 

40-45 
40-45 
40 
45 

40-45 
45 

40-45 
45 



Yeast extract 
necessary Tor growth 
%(w/v) 



0 

0.003 

0.01 

0.003 

0 

0 

0.003 

0.003 

0 

0 

0 

0.O03 



- Daw were laken lor comparison from Dvirnr et al. 1981 

0 With adenine as a substrate that has the same redox state a* hypoxanthinc 

n.d. ■* not determined 

n.g. m no growth 



Vitamin 
requirements 


pH Optimum with 


Uric acid 


1 1\#nriYj\nihi["ie 
1 1 y [jUAtiiiiinuw 


— 


6.7 


s.o 


ihi amine, bio tin 


7.5 


8.0 


thiamine 


n.d. 


7.3-7.8 h 


thiamine 


7.5 


8.0 




7.5 


8,0 




8.0 


8.0 


thiamine 


6.7 


n.g. 


thiamine 


6.7 


7.5 




9.0 


8.5 




7.0 


8.0 




8.5 


8.5 


thiamine 


6.7 


8.0 



Table 3. Requirement of bicarbonate for growth on hypoxanthinc 
^starting pH = 7.2) 



Strain 



Maximal turbidity (600 nm) after 
supplementation with KHCOj 



none 10 mM 30 mM 100 mM 



C. acidiurici 9a 

C. cylintlrosporum HC-1 

AAM-1 

AAM-2 

AC- 1 

AC-3 

MBJ-2 

MJ-2 

MJ-6 

NOA-l 

NOA-2 







0.15 


0.20 






0.53 


n.d. 


n.d. 


1.23 


1.44 


1.02 






0.49 


0.60 




0.56 


0.62 


0.94 




0.21 


0.73 


0.78 






0.38 


0.42 




0.29 


0.95 


0.92 




0.49 


0.65 


0.80 




0.34 


0.53 


n.d. 



— » no growth 
n.d. « determined 



Substrate spectra 

All strains except AC-3 grew well with uric acid, xanthine, 
hypoxanthinc, or guanine as a carbon source, respectively. 
AC-3 only used uric acid out of the various compounds 
tested 6.8-Dihydroxypurine was a substrate for all strains 
except C. aciduria 9 a, AC-3, MBJ-2 and MJ-2. Marginal 
growth with 4<wunoimidazolc-5-carboxamidc as the sub- 
strate was observed with C. acidiurici 9 a, C. cylindrosporum 
HC-1, AAM-1, AAM-2, AC-1, MBJ-2, MJ-2, NOA-l t and 
NOA-2, whereas C. purinolyticum WA-1 and PD-1 showed 
good growth with this compound as already described 
(Diirre et al. 1981). With the exception of WA-1, PD-1, and 
AAM-1 , no strain was able to grow with adenine. Since only 
one other report described the degradation of small amounts 
of adenine by cell suspensions of C. szicklandii (Schafer and 
Schwartz 1976), w tried to grow this organism in the same 
medium as tested with the other Clostridia. However, using 



these conditions no growth of C. sticklandii with adenine 
was observed. C. acidiurici 9a, C. cyimdrosparum HC-1, 
AAM-1, AAM-2, AC-1, AC-3, MBJ-2, MJ-2, MJ-6, NOA-l. 
and NOA-2 could not use allamoin, cytosine, lormimino- 
glycine, fructose, glucose, glycine, glycylglycine, hippuric 
acid, histidine, 4-hydroxypteridin, lactate, malatc, purine, 
pyruvate, ribose, serine, uracil, and xanthosine, respectively. 
Strain IMS differed considerably in growing on adenosine, 
formiminoglycine. glycine, glycylglycine, inosine, purine, 
serine, and xanthosine, thus resembling C. purinolyticum. 
The ribose moiety of adenosine was not utilized- Addition of 
hypoxanthine in small amounts (0.1 mM) to growth media 
containing amino acids, organic acids, or sugars did not 
show any stimulating eflbct. Additionally, caffeine, 
nicotinatc, riboflavin, theobromine, theophylline, and 
thymine were tested as substrates for C. acidiurici 9a. As has 
been described for selenium-deficient media (Barker and 
Beck 1941) no growth occurred in the selenitc-containing 
media used in this study. 

Influence of selenite on growth 

Selenite proved to be an essential component of the growth 
medium. After several transfers in selenite-deficient media 
with hypoxanthine as the substrate all strains failed to grow. 
Usually this happened after the second or third transfer. 
Prolonged incubation periods in the selenitc-free medium 
even prevented outgrowth of C. acidiurici 9 a, AAM-2, 
AC-1, MBJ-2. MJ-2, and NOA-l after supplementation of 
the culture with 0.1 uM scleniie. So only C. cylindrosporum 
HC-1, AAM-1, MJ-6, and NOA-2 were grown in selenitc- 
containing hypoxanthine medium and the supernatants were 
analyzed for their respective hypoxanthinc, formate, and 
glycine concentrations (Table 4). With xanthine as the sub- 
strate if preculturcd with hypoxanthine a similar dramatic 
efFca of selenite starvation on growth could be seen only 
with MBJ-2 which was not able t grow. C. cylindrosporum 
HC-1, AAM-1, and MJ-6 showed a prolonged lag phase 
and reached lower turbidities. Comparison of the respeenv 
formate and glycine concentrations produced during the 
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Table 4. Formation of formalc and glycine from various purines in sclcniic-supplemenied (10" 7 M) and unsupplcmcnted media 
Sixain Hypoxamhine Xanrhinc Uric acid 



formate Glycine Formate 



Glycine 



Formate 



Glycine 



Number r" transfers 
— (l%,v/v)in 

Se-deficicnt media 
resulting in 
growth cessation 



* Concentrations are given in mol per mol of fermented substrate 

b n.g. = no growth occurred after extensive selenium starvation 

° Data in brackets represent selenium-deficient cultures 

4 n.d. ~ not determined 

B - - No growth with this substrate 

The stTains were prccultured in selenium-deficient media with hypoxanihine as substrate until only marginal growth occurred, Then washed 
cell suspensions were used to inoculate the different media. All media were adjusted lo pH 8,0, Hydroxanihinc cultures were supplemented 
with 30 mM Kl-ICOa whereas xanthine and uric acid media contained 10 mM. Instead of yeast extract thiamine and biotin were added in 
all cases 



s- 



C. aciduria 9 a 


n.g.* 


n.g. 


0.12 (0.07)< 


0.006 (0.002) 


0.09 (0.08) e 


0.003 (0) 


o 


f 




C. cy/indrosporum HC-1 


0.86 


0.005 


0.26 (0.45) 


0.002 (0.002) 


0.06 (n.d0 d 


0.003 (0) 


5 


\ 




AAM-1 


0.83 


0.003 


0.11 (1.03) 


0,003 (0,005) 


0.13 (0.20) 


0.002 (0) 


6 




C 


AAM-2 


n.g. 


n.g. 


0.16(0.16) 


0.005 (0.002) 


0.12 (0.13) 


0.003 (0) 


2 






AC-1 


n.g. 


n.g. 


0.19 (0.14) 


0.006 (0.003) 


0.10(0.15) 


0.002 (0) 


2 


i 




AC-3 










0.07(0.10) 


0.003 (0) 


2 






MBJ-2 


n.g. 


n.g. 


0.12(0.13) 


0.007 (0.002) 


0.07(0.10) 


0.003 (0) 


2 


i 




MJ-2 


n.g. 


n.g. 


0.10 (0.08) 


0.004(0.001) 


0.08 (0.08) 


0.003 (0) 


2 




MJ-6 


0.91 


0.004 


0.11 (1.17) 


0.003 (0.002) 


0.08 (n.d.) 


0.003 (0) 


5 


\ 




NOA-1 


n.g. 


n.g. 


0.27 (0.13) 


0.007 (0.002) 


0.25 (0,2t) 


0.003 (0) 


3 




c 


NOA-2 


0.86 


0.002 


0.10(1.08) 


0.007 (0,002) 


0.16(0.31) 


0.007 (0) 


5 







AC 



fermentation of xanthine are given in Table 4. Strikingly, 
formate production in Se-deficicnt media was increased 
about tenfold with strains AAM-1, MJ-6, and NOA-2 and 
about twice with C. cylindrosponm HC-1. Under these con- 
ditions NOA-1 only produced half of the amount of formate 
found in a selenite-supplemented medium. In all cases 
glycine was formed only in trace amounts. With uric acid 
as the substrate all strains failed to grow after maximal 6 
transfers into selenite-free medium (Table 4), Concentrations 
of formate, glycine, and uric acid were determined from cul- 
ture supernatants after growth in the presence and absence 
of selenite, respectively (Table 4). Se-deficient cultures 
were considered chose that just showed marginal growth after 
several transfers in scknitc-free medium. Under all condi- 
tions glycine was produced only in trace amounts or not at 
all. No significant difference in formate formation could be 
observed except for strain NOA-2 thai produced about twice 
as much formate in Se-dcficient media than in selenite- 
supplemented cultures. Aside from the redox state of the 
purines the position of the hydroxyl group(s) proved to be 
important for growth under selenium-starvation conditions. 
As suggested before (Durre and Andreesen 1982b) C. puri- 
nolytictim WA-1 still used 8-hydroxypurine and 6,8- 
dihydroxypurine in selenium-deficient cultures whereas hy- 
poxanthine and xanthine were no longer fermented under 
these conditions. 

Fermentation balances of various purines 

Contrary to C. acidiurici 9 a and C. purinolyticum HC-1 
(Rakosky and Beck 1955; Rabinowitz and Barker 1956; 
Diirrc ci al. 1981) 6,8-dihydroxypurine and 4-amino-5-iin- 
idazolecaxboxamide were completely fermented by C. puri- 
nolyticum WA-1 yielding acetate, formate, ammonia* and 
CO* as products (Table 5). No other organic acids, amino 



acids, ketones, or alcohols could be detected by standard 
gas chromatographic procedures (Vollbrecht et al. 1978). 
The weak growth with 4-hydroxypteridine as described he* 
fore (Durre et al. 1981) could not be substantiated by deter* 
mination of the pteridine concentration. Therefore ii cannot 
be excluded that the reported weak growth of C. puri* 
nolyticum on 4-hydroxypteridine was due to a contamina- 
tion of this substance. As a representative of the new strains 
AC-1 was analyzed with respect to its growth on selenite- 
supplemented uric acid medium. The products formed and 
their respective concentrations are listed in "Table 5. Glycine 
could only be detected in trace amounts and was therefore 
neglected for the calculation of the fermentation balance. 
AC-1 had a doubling time of 50 min under these conditions 
and y m was 15 g cclls/mol of uric acid if the medium con- 
tained 0.1% (v/v) yeast extract. Tn a mineral medium 
supplemented with thiamine and biotin a Y tn of 11 A was 
reached, 



Sensitivity towards antibiotics, DNA base composition, 
and DblAlDNA-hybridizarion 

As another criterium for strain differentiation sensitivity 
towards a number of antibiotics was tested for all strains. 
Agar diffusion tests were performed with uric acid as the 
substrate (Table 6). 

Since all methods used so far did not allow a clear 
differentiation of all strains of purino lytic Clostridia into 
distinct groups but rather showed several transitions be- 
tween the three type strains, determinations of the guanine 
plus cytosine (G + C) content of the DNA and of the respec- 
tive DNA/DNA-hybridization degrees were carried out. 
While all the G + C- values were f und to be in the range 
from 27—32%, the hybridization data clearly showed thai 
every strain could be grouped with one of the three known 
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Table 



Strain 



Substrate and 
products 



C.pumolyticum 
WA-1* 



6,6-Dihydroxypunnc 

Acetate 
Formate 

C0 2 e 



Concentration 
(mmol/100 mmol 
substrate) 



100 
64 

25 
347 



nool 
carbon 



Balance of available 
nydr gen 

Available H Available H 
(mmol/100 
mmol 
substrate) 



O/R. balance" 



500 
12$ 

347 



8 
8 
2 

0 



800 
512 
50 
0 



O/R value 



i-6 
0 
+ I 
1-2 



O/R value 
(mmol/100 
mmol 
substrate) 

+ 600 
0 

+ 25 
+ 694 




C. purinotyticum 
WA-l 



J C ° 2 ' 
i ~ Total 



4-Amino-5-imidazolc- 
carboxamide 
Acetate 
Formate 
C0 2 



100 
72 
77 

179 



400 6 

144 8 

77 2 

179 0 



600 
576 
154 
0 



+ 4 
u 

+ 1 

+ 2 



i-400 
0 

+ 72 
+ 358 



100% 



121% 



0.93 



AC-1 



Uric acid 

Acetate 

Formate 

OV 



100 
60 
8 

372 



500 6 

120 8 

8 2 

372 0 



600 
480 
16 
0 



+ 7 
0 
+ 1 
+ 2 



+ 700 
0 

h 8 
+ 744 




Tc^Tuon was panned as ^ j^^JS^t exponent*, ^ pna*. NH 3 wa, no, defined 
* Data were obtained from samples taken at me oeginni * 
« Calculated from carbon recovery 



• >rr*h\*7\ According to Johnson (3973) strains 

to C. acidiurici^ PD-l co C M«feiri« 9 a). 
Enzymatic investigations 

ourine iotcrconveretoii, or ratter fcrmemri "JJ *?» 'Ji'r 

u Sl of 8 9 foTthe reaction. The apparent for 
P "S wl o 5 mM Xanthine dehydrogenase of strain 
S? Sd a hi^su^raSp^cificity. In contralto enzymes 
to C JSCS 9a (Wagner 1980), C cylindrosporum 
HfM aS£ and Barker i960), and C P*'™*™™ 
8£ i rDurn let al. 1981) ihe xanthine dehydrogenase of 
S in See extracts did not react at all with adenine 
Cvooxanthine or purine, respectively. Adenine inhibited the 
SEC! fSZS!** by 44?Tif added in equimolar con- 



centrations. Comparing the substrate specificity of the 
Sne dehydrogenase fin extracts of the ; other «rwoa^no 
general trend could be observed what ought explain their 

were grow* in the presence .of 
wtraci under three conditions known to affect differently 
fSSe^ehydrogenase activity (Wagner and Andrcesen 
SSEFo no supplementanon with selenium^olybdenum, 
or tuniten; ii) addition of setenile and molybdate; ») add.- 
don of sclcnite and tungsutc. Although it had been 
Rested that the trace elements molybdenum and 
mnesten - both in combination with selenium - exert a 
Serospecific influence on fcn^jWvdio^-JTO 
this could bot be substantiated to be a taxonomtc marker 
Ser examination of other strains of purinolytic Clostridia 
ftole 8) AT least, the positive action 
Senium on formate dehydrogenase could ^ shown for 
many strains, and there was no or no pronounced negative 
influence of tungstate on xanthine dehydrogenase. 



Discussion 

Cell and spore morphology, features that originally Jed to 
the differentiation between Clostridium acidiuriciandC. 
t,into%Tu m , do not allow an uncnuivoc* i «£ 
purinolytic Clostridia known so far. While it i*easy io 
identify strains of C purinolyticum by their exclusive ability 
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Tabic 6, Antibiograms of purinolytie Clostridia 1 



Antibi tics 



Strain 
C. QClUl- 

uWc/9a 



C. cyllndro- 
spofum 



C. purine AAM-1 AAM2 AC-I AC-3 MBJ-2 MJ-2 
lylicum 



MJ-n NOA-1 NO A- 2 PDm 



Ampiciliia (10 ug) 
Bacitracin (TO ug) 
Chloramphenicol (30 ag) 
Chlortclracyclinc (30 jig) 
Erythromycin (15 fig; 
Kanamycin (1 me) 
Uncomyrin (2 ug) 
Nitrofurantoin (100 ^g) 
Oleandomycin (15 ug) 
Oxytctracycline (15 ngj 
Penicillin G (2 I.E.) 
Polymyxin B (300 I.E.) 
Streptomycin (10 ug) 
SulfisoxazoJc (2 mg) 
Tetracycline (30 ug) 
Vancomycin (5 fig) 
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WA-1 
























+ 
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Sensitivity ww classified according to three categories: - - resistant (no inhibition zones), 0 • 
rones :£ 14 mm), and ■+■ = sensitive (diameter of inhibition zones > 14 mm) 



• moderate sensitive (dimeter of inhibition 



Table 7, Mol percent guanine plus cytosine and degrees of DNA homology among purinolyiic Clostridia 



Strain 



G + C content (mol%) 



% DNA homology with 



• 






C udUiurici 
9a 


C. cylindrosporum 
HC-1 


C. purmolvih'iQU 
WA-I 






C, acieiiurici 9 a 


27,8" 


I00 a 










C. cylindfosporum HC-1 


27.9* 


30.4* 1 


100* 








C. purmtityxivum WA-1 


29.0 a 


20.7 a 


33.7 a 


ioo- 


! 




AAM-1 






12.3 4 


67.1 




j 


AAM-2 


30.4 


24.4 


73.3 


56.6 


i 




AC-1 


27.7 


84.9 


41.7 


30.1 






AC-3 


27.0 


8S.2 


40.1 


44.3 






IMS 


32.1 


n.d. 


n.d. 


73.2 




: 
1 


MBJ-2 


30.2 


108.2 


59.3 


9.8 






MJ-2 


30,4 


87.6 


40.1 


21.1 






MJ-6. 


29.3 


42,2 


93.6 


45.4 






NOA-1 


27.2 


64.9 


108.9 


32.8 


* 




NOA-2 


29.4 


45.3 


74.6 


51.4 






PD-! 


29.3- 


55.9 a 


42.3- 


KX9- 






" Data were taken Tor comparison from Dflrrc et ai. (1981) 


n.d. - not determined 









Table 8 

Enzyme Icvcb* after growth with dif- 
ferent trace element supplementations 



Strain 



Formate dehydrogenase 



(U per mg 
of protein) 



Element necessary 
for highest activity 
besides Se 



Xanthine 
dehydrogenase 
(U per mg or 
protein) 



* Data were taken from Wagner and 

Andrecscn (1977, 1979) 
b Data were raken from Durre et al. 

(1981) 

Both enzyme activities were measured in 
0.1 M potassium phosphate buffer, pH 
7.9, using methyl vi logen as electron 
acceptor. The ceils were grown in the pres- 
ence of selenitc and either mngsiate or 
molybdate, tO" 7 M each 



C. QcidiuriciVn* 


11.3 


W 


>Mo 


4.4 




C. cylindrospotum HC-1* 


8.0 


Mo 


>W 


3.7 




C. purinolyticttm WA-1 & 


1.8 


Mo 


> W 


1.6 




AAM-l 


0.6 


Mo 


> W 


1.9 




AAM-2 


3.9 


Mo 


= w 


1.8 




AC-1 


5.7 


W 


> Mo 


1.7 




AC-3 


4.1 


W 


= Mo 


2.0 




MBJ-2 


5.6 


Mo 


= W 


7.5 




MJ-2 


1.7 


W 


> Mo 


1,2 




MJ-6 


3.8 


Mo 


> W 


1.3 




NOA-1 


7.3 


W 


>M 


1.6 




NOA-2 


4.7 


w 


> Mo 


1.4 
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1 <• , oH-nioe and/or glycine (Durre ct al. 1981) sub- 

1 SSttSa AC-3 might be restricted to unc acid for 
IS by it unusually substrate-specific xanthine 

4 f Sn^Lc in addition to a defective or missing trans. 

'! SyS^Ssffor xanthine. Although the three rspeaes 
port sysweu, , » reaction, being Gram- 

3«K^^5rt5^ sometimes Gram-post.. 

! Eve KeTc "«X*4 or Gram-negative in case of C. 

/ uve in case o ^ 942 D{irrc ct a! l9g] ), 

fflSXSLSSSS to a OranvposUivc reaction by 
SrSw growing cell material. Thus, only one strain 
• Kill 3 in most cases Gram-negative. In addi .on, 

^*of forma* from 3nSa" 
£ „S^o ™idta= formate "> <*>> ""J** '! W 

I £3" Mm "id Andreesen l«2e) might 

pronounSd^ependenee on selenium during growth on h£ 

.' SSS? »") - proved u> b. no consent raxononnc 
• °* Are onlrement for thiamine as observed for some strains 

.5 



do+equire a purine as supplement growing on glycine iDurre 
and Andreesen 1982c, 1983). Some strain* might be able io 
form 4-aminoimida2ole ribonucleotide from 4-amino- 
imidawle, an intermediate of purine breakdown (Durre 
and Andreesen 1982a). Those strains, rhereiore. would 
not suffer from their metabolic lesion. 

From the 13 strains tested not even two proved to have 
an identical aniibiogram revealing this method to be useless 
fn the classification of the purinolyiic Clostridia. Only 
polymyxin B and streptomycin were comply inactive 
Lainsi all strains. The composition of the DNA (O + C 
Ss) also did not help in differentiation. All strains were 
in Eangc of 27 - 32% G + C values typ cal for Clostridia. 
Seviatiom compared to data reported 
acidiurki and C cylindrospomm Tonomura , et al 1965 
might be due to different periods o( ume before cell harvest 

(GH On C the 7 other hand the DNA/DN A-hybridiatkm data 
dearlv show that C acidiurici9& and C. cylindrospomm HC- 
fiftio distinct species. Adding C purinoly^um to th» 
ust of known obligately purinolyiic Clostridia all I stmo* ec- 
lated so far can be grouped together wit] i one : of the three 
ypV strains by means of the degree of DNA homolop. A 
dSrogram proposed on the basis of these data ,s shown 
Z Fie 1 W th three exceptions this phylogencuc tree is 
Wcntica ' to the scheme proposed by Champion and 
SSowitz (1977). They compared physical charac eristics, 
properties, and amino ^^SSSSA 
the respective ferredoxins as well as immunodiffusion results 
with formyltctrahydrofolate synthetase preparation^ From 
These data they already concluded thai strain AAM-1 be- 
haved rather atypically which later found « ^u^ 
the fact that this strain is a subspecies of C. piirmolyltcum 
£>£ e at 1981). Thus, the only real difference is that we 
classified AAM-2 and NOA-1 as strains of C cylndro- 
worum rather than C. aciduria. However. NOA-1 also 
showed a rather high degree of DNA homology wuh C 
Sri (as well as AAM-2 with C purinolyticum) indicat- 
S* that they might be transition forms. We suggest the 
Sf classification of these two strains considering die DN A 
homology data to be more convincingly, since VN/k re 
SSSSBo experiments compare the whole genetic potcntia 
of the purinolyiic Clostridia rather than two proteins. Th* 
techmque is thought to be the method of chotcefor dctermin- 
S biological relatedness at the species level (Bradley 1980). 
However, both approaches definitely prove thai C. acldlwrw, 
*™t?cynndrosporu m arc distinct species. Neither Bergeys 
Manual (Smith and Hobbs 1974) nor the Approved Lists or 
BaSal Names (Skcrman el al. 1980) list C. cylindrosporum 
5sa proper species. Support Tor listing C. cylindrosporum** 
own species iigiven by Woesc (cited as personal commuiuca- 
tion io..Tanneret al. 1982) on the basis of clear differences 
Tc acidiurki in the respective 16S rRMA calatogS- C 
purinolyticum exhibits low S AU -values compared _to both 
loecies (R. Tanner, personal conununicauon). Thus, an 
uS3vo«l Satiation between all these closmdia - 
poSble, though only by laborious and timc^on™ng 
methods', it is not yet known whether the three type s ains 
are the only obligately purinolytic clostndial species All one 
can say is that all strains known so far belong to one of these 

SPfc lf is somewhat surprising that the high degree of 
phenotypic similarity of these bacteria is not rented in 
genotypic relatedness. So the question comes up as whether 
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AC -9 
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Phylogcnetic relationship of obligately purinolyuc 
Clostridia on the basis of DNA homology. With the 
exception of the three type strains {dotted lines) onl> 
ihe highest values were used 
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,U 



Li 
M 
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this is a case of convergent or divergent evolution. Champion 
and Rabinowitz (1977) opted for divergence because of the 
many physiological similarities. Furthermore, Lhcy felt that 
a strong argument against a convergence was the fact that 
other anaerobic bacteria developed different pathways of 
purine degradation (Whiteley 1952). Recent studies, how- 
ever, indicate that at least Peptococcus aerogenes degrades 
purines via the clostridial imidazole pathway in Sclcnite- 
supplemented media (Spahr 1982). Also, a purine fermenta- 
tion via pyrimidine derivative* as suggested for P. aerogenes 
(Whiteley 1952; Vogels and van der Drift 1976) has been 
detected in C. purinolyiicum (Durre and Andreesen 1982b). 
However, we feel that the facts are too scarce jo give either 
possibility a preference. Hopefully, comparative cataloging 
of 16 S ribosomal RNA will allow furiher evolutionary in- 
sights. 

Some of the physiological characteristics ol these 
Clostridia deserve attention and might point to an ecological 
niche that suits such organisms. Increasing the pH up to 8.5 
resulted in faster growth. Doubling times of 50min as for 
AC-1 are remarkably quick for anaerobic bacteria. The 
optimal growth temperatures of 40*-45°C as determined 
for mosL strains correspond well to "body temperatures of 
41 _44 C C of birds. Thus, the ubiquitous dissemination of 
these microorganisms (Barker and Beck 1942; Champion 
and Rabinowitz 1977; Emtsev and Babaitseva 1978) could 
be easily explained. Already Barker and Beck (1 942) isolated 
one of their C. aeidiurici-alrwns from fecal material of the 
yellowshaftcd flicker. The avian gut also provides alkaline 
conditions corresponding to the high pH optima found in 
this study. 

Acknowledgements. We thank M. Burger for excellent technical 
assistance, C. Tziaka for mass-culiuring of several strains, and M. 
Durre for her help during ihc DNA/DNA-hybridizauon experi- 
ments. TbU work was supported by "Forschungsmittcl des Landcs 
Nicdcrsachscn*\ and partly by a grant from the Deutsche 
f orschungKgemeinfuhafi and Foods der Chemischcn Industrie. 



References 

Auling G f Dittbrenner M, Muarzahl M, Nokhal T, Reh M (1980) 
Deoxyribonucleic acid relati nships among hydrogen-oxidizing 
Strains of the genera Pseudomonas, AlcaU^e/ies, and Paracoccus. 
1m J Syst Bacleri 130:123-128 



Barker MA, Beck JV (1941) The fermentative decomposition of ] N 
purines by Clostridium acidi-urfci and Clostridium cy/inJro- ' 
sponm. J Biol Chcm 141 : 3 ~ 27 

Barker HA, Beck JV (1942) Clostridium ucidi-urici and Clostridium * R 
vylindrosporum, organisms fermenting uric acid and some other 
purines. J Bacteriol 43:291-304 

Beck J (1948) A microbiological method for the determination or R 
adenine. J Biol Chcm 176:1169-1175 

Beisenherc GH, Belize HJ, Buchcr T\ Czok R. GarbadeKH, Mover- 

Arcndt fc» Pfleidcrer G (1953) Diphosphofructosc-Aldola»c. Si 
Phosphoglyceraldchyd-Dchydrogenase. Milchsaure- Dehydro- 
genase. Glycerophosphai -Dehydrogenase and Pyruvai- Kinase Sc 
au* Kaninchcnmuskulamr incinem Arbeitagang. Z Naiurforsch 
Tcil 8b: 555 -577 St 

Bradley SO (1980) DNA reassociation and base composition. In: 

Gnodfellow M. Board KG (eds) Microbiological classification ; 
and identification. Soc Appl Bacteriol Symp Series 8. Academic ' 
Press* London, pp 1 1 — 26 { 

Bradshaw WH, Barker HA (1960) Purification and properties of 
xanthine dehydrogenase from Clostridium cylindrosporum. 1 
Biol Chcm 235:3620-3629 

Champion AB, Rabinowit* JC (1977) Ferredoxin iind 
formyllclrahydrofolatc synthetase: comparative studies with 
Clostridium acidiurivi. Clostridium tylindrosporum* and ne\*lv 
isolated anaerobic uric acid-fermenting strain*. J Bacteriol 
132:1003-1020 

De Ley J, Calioir H, Rcynacrts A (1970) The quantitative measure- 
ment of DNA hybridization from rcnamration rates. Eur J 
Biochem 12:133-142 

Dorn IvL Andreesen JR, Gottschalk G (1978) Fermentation ol* 
fumaralc and L-malarc by Clostridium Jbrmicoaveticum. J Bnc- 
tcriol 133:26-32 

Durre P, Andreesen JR (1982a) Separation and quantitation of 
purines and their anaerobic and aerobic degradation product* 
by high-pressure liquid chromatography. Anal Biochem » 
123:32-40 

Diirre P, Andreesen JR (1 982 b) Anaerobic degradation of uric acid 
via pyrimidine derivatives by selenium-starved eel la of 
Clostridium pur'molyticum. Arch Microbiol 131:255—260 

Durre P, Andrtc$cn JR (1982c) Selenium-dependent growth and 
glycine fermentation by Clostridium purinolyticunu J Gen 
Microbiol 128:1457-1466 

Durre P. Andreesen JR (1983) Purine and glycine metabolism by I 
purinolytic Clostridia. J Bacteriol 154:192-199 

Durre P, Andcrsch W, Andreesen JR (1981) Isolation and J 
characterization of an adenine-utitoing, ancrobie sporeformcr, j 
Clostridium purinolvticum sp. no v, I m J Syst Baacriol 3 1 : 1 * 4 - 
194 

Emtsev VT, Babaitseva VA (1978) Occurrence of anaerobic bacteria 
of the genus Clostridium capable of transforming purine and 



■AJi-IB-03 01 :39pm From-CORPORATE LIBRARY 



171424631 1 S 



T-880 P. 10/26 F-978 



353 



pyrrolidine compounds in soil f the USSR, fev Timiryazcv S- * 
KHAkad 2:124-132 . w . . 

Garvic EI (1979) A note on the preparation of deoxyribonucleic 
acid from Sirepwcoccw hovis and variations tn die melting 
temperature of different preparations. J Appl Bacienol 

liay O (1906) Eine Syntbescdes Purins. Ber Di Chan Gcs 39:250 - 

265 . . t 

Johnson JL (1973) Use of nucleic-acid homologies in ihe : taxonomy 

of anaerobic bacteria. Int J Syst Bacienol 23:308-315 
Una E- Lane H 0972) Spe^ische ArimkMn direkien 

Nachwois der AmeiscnsSure. freseiuus Z Anal Cheni 260.8- 

Uebert F (1909) The decomposition of uric acid by bacteria: Proc 
k Akad Ned Wet 12:54—64 

Marrnur jVDoiy P (1962) Dcterminadon or the base composition 
of deoxyribonucleic acid from it. thermal denaiumnon 
temperature. J Mol Biol 5:109-118 , 

MiuTf riein« JE, Free* E llWf^fflK 
BaciUus subtili* by decoyinme or hadaddin. Biochem Btophys 
Res Commun 77:1118-1125 . 

Newell PC Tucker RG (1 968) Biosynthesis of the pynmidine moiety 

N ^f SSL A newwute of pyrimldtoe bio^thests .nvolvu* 
purine intermediates. Biochem J 106:279-287 

RabEowitz JC, Barker HA (1956) Purine fermcnta t.on by 
Closifidium cylmdrosporunu fl. Purine transformations. J Biol 

RakS™ 2 Jr 8 B^V (1955) Guanine delation by CtowWtom 
acidiurici. I. Evidence for the presence of guana*. J Bacienol 

Sard2aiVM. 5 provido HS (1970) The determination of glycine in 
biological thuds. Clin Chim Acta 29 : 67 - 71 c( 

Schafcr RT Scbwaxtr. AC (1976) Catabolism ofpun^m Clostridium 
«Lkhmdit Zbl Bakt Hyg I- Abt Ong A 235 : 1 65 - 1 72 

^^0%Oo,J\ Sncath PHA (1980) Approved luts 
of bacterial names. Int J Sysi Bacterid 30:225-420 



Smith LDS, Hobbs G (1974) Genus Clostridium Prazmowski 1880. 
In: Buchanan Rb. Gibbons NE (cds) ftcrgev's manual of 
determinative bacteriology. 8ih edn. Williami&Wilkins Co, 
Baltimore, pp 551 -572 

Spsihr R (1982) Anacrobcr Aminosaurc* und Purinabbau durch 
einige Arten dcr Gattung Peptococvus. Diploma thesis. Univer- 
sity of Gottingcn 

Stadtman TC (1980) Setenium-dcpcndcni enzymes. Ann Rev 
Biochem 49:93-110 

Tanner RS, Stackebrandt H, Fox G£> Gupta R, Magrum U % Wocsc 
CR (1982) A phylogcnclic analysis of anaerobic cubactcna 
capable of synthesizing acetate from carbon dioxide. Ctirr 
Microbiol 7: 127-132 

Tonomura B. Malkin R, Rabinowitz JC (1965) Deoxyribonucleic 
acid base composition of clostridial species. J Bacienol 
89:1438-1439 

Vogels GD, van dcr Drift C (1976) Degradation of purines and 
pyrimidines by microorganisms. Bacterid Rev 40:403 - 468 

Yollbrecht D. El Nawawy MA, Schlcgcl HG (1978) Excretion f 
metabolite* by hydrogen bacteria. I. Autotrophic and 
heterotrophic fermentations. Eur J Appl Microbiol 6:145-155 

Wagner R (1980) Untersuchungcn scum Purinabbau durch 
Closifidium acidiurici and Clostridium cylindrosporum sowic 
zum Spurcnclementbedurfnis dcr Xanlhin-Dehydrogcnasc aus 
bciden Organismcn. Ph D thesis, University of Gottingcn 

Wagner R, Andrecsen JR (1977) DilTercntiation between 
Clostridium acidiurici and Clostridium vylindrosporum on the 
basis of specific metal requirements for formnlc dehydrogenase 
formation. Arch Microbiol 1 14:219-224 

Wagner R, Andreescn JR (1979) Selenium requirement for active 
xanthine dehydrogenase from Clostridium acidiurici and 
Clostridium cylindroxporum. Arch Microbiol 121 ; 255— 260 

Whitclcy HR 0 952 ) The fermentation of purines by Micrococcus 
aerogene*. J Bactcriol 63:163- 175 

Received January 31, 1984/Accepied March 20. 1984 



